Background: Cost-containment initiatives are re-shaping the pharmaceutical business environment and affecting market access as well as pricing and reimbursement decisions. Effective price management procedures are too complex to accomplish manually. Prior to February 2013, price management within Astellas Pharma Europe Ltd was done manually using an Excel database. The system was labour intensive, slow to update, and prone to error. An innovative web-based pricing information management system was developed to address the shortcomings of the previous system. Development: A secure web-based system for submitting, reviewing and approving pricing requests was designed to: track all pricing applications and approval status; update approved pricing information automatically; provide fixed and customizable reports of pricing information; collect pricing and reimbursement rules from each country; validate pricing and reimbursement rules monthly. Several sequential phases of development emphasized planning, time schedules, target dates, budgets and implementation of the entire system. A test system was used to pilot the electronic (e)-pricing system with three affiliates (four users) in February 2013. Outcomes: The web-based system was introduced in March 2013, currently has about 227 active users globally and comprises more than 1000 presentations of 150 products. The overall benefits of switching from a manual to an e-pricing system were immediate and highly visible in terms of efficiency, transparency, reliability and compliance. Conclusions: The e-pricing system has improved the efficiency, reliability, compliance, transparency and ease of access to multinational drug pricing and approval information.
Introduction
Pharmaceutical companies aim to provide safe and efficacious treatments for patients whilst ensuring a predictable business model; to do this they operate within an environment that tries to balance three broad objectives: to make medicines accessible and affordable to patients; to control public spending; and to provide incentives for innovation [1] . These factors are often conflicting from an economic perspective; for example, whilst most stakeholders welcome innovation in the pharmaceutical industry, it comes at the expense of increasing costs of medicines and other healthcarerelated expenditures. Similarly, the balance between financially viable industry business models and patient access to affordable medicines continues to challenge pharmaceutical companies and policy makers alike.
The pharmaceutical industry continues to play a major role in the world economy. In 2015, worldwide prescription drug sales based on the top 500 pharmaceutical and biotech companies were $742 billion; sales forecasts estimate the pharmaceutical industry is set to grow at 6.3% per year from 2016 reaching $1.12 trillion by 2022 [2] . Closely related to this growth are concerns in many countries about rising expenditure in healthcare and the associated debate relating to the pricing of medicines. Consequently, this is a period marked by considerable challenges for the global pharmaceutical industry as it faces burgeoning cost containment initiatives by payers, governments and healthcare insurance organizations.
The availability and price of a pharmaceutical product often differs between countries to reflect each country's valuation of the product's health benefit (as determined by the local needs of national and regional healthcare providers), approval and market access regulations, and income levels [3] . These cost containment initiatives have many different approaches, with detailed rules and practices [3] . For the pharmaceutical companies, these cost-containment initiatives are reshaping the business environment and affecting market access as well as pricing and reimbursement decisions that are important in determining the likely commercial success of a pharmaceutical product in the marketplace. This article examines internal and external pricing challenges and related business processes within Astellas Pharma EMEA (Europe, the Middle East and Africa), as well as reporting the development of a bespoke online pricing and reimbursement tool.
Situation analysis: external factors
A broad range of strategies, with different goals and effects, are used in an attempt to contain overall healthcare costs such as co-payment by patients, risk sharing agreements, and non-coverage by health plans or within the reimbursement system. The control of pharmaceutical drug prices forms an important part of costcontainment strategies and may include direct and indirect price controls, profit controls, reference pricing, physician budget constraints, prescribing guidelines, marketing approvals, and limits on promotion [3] [4] [5] .
Reference pricing of medicines is an increasingly popular cost-control strategy. Reference pricing can be used to set prices either based on local prices of reference drugs in the same therapeutic class (internal referencing) or based on the prices of reference drugs in other countries (external referencing) [5] . The WHO defines external reference pricing (ERP; or international reference pricing) as, 'The practice of using the price(s) of a pharmaceutical product in one or several countries in order to derive a benchmark or reference price for the purposes of setting or negotiating the price of the product in a given country' [5] . The European Commission uses a similar definition [6] . ERP is widely used by policy makers in both the European Union (EU) and in non-EU countries to decide the prices of pharmaceutical products in their territories, [4] [5] [6] [7] [8] [9] but there are numerous variations in the schemes adopted. For example, the 'basket' of reference countries may include a few neighbouring countries with a similar standard of living, or numerous countries from around the world. In addition, the reference price may be set using the median or mean price or the lowest price in the basket [4, 5] .
The market created by cost containment measures results in a complex framework for pharmaceutical price optimization. Price optimization describes the process whereby pharmaceutical manufacturers seek to optimize the returns from any given pharmaceutical product, thereby creating investment for future research into innovative technologies aimed to benefit patients. This is a highly complex undertaking that requires the use of effective price management procedures to model accurately the financial impact of various pricing levels for any given product. Indeed, it would appear that the management of pricing structures with many variables is too complex to accomplish manually and is a significant cost.
Situation analysis: internal factors
Pharmaceutical companies are estimated to spend about 4% of cost of goods sold on pricing reconciliation processes and procedures [10] . However, according to an Accenture survey, [11] although 80% of the executives surveyed stated that pricing optimization is one of the top three strategic priorities for their companies, two-thirds of pharmaceutical companies do not have sophisticated pricing capabilities. In another survey, 61% of respondents from global pharmaceutical manufacturers highlighted a critical need for a centralized database providing timely, accurate pricing information, and 84% demanded better analytical capabilities to understand the potential impact of pricing actions [12] .
Prior to March 2013, as in many pharmaceutical companies, pricing information management within Astellas Pharma EMEA relied on manual processes, an Excel-based database, spreadsheets, email and a formal approval system to improve governance and minimize pricing errors. This manual process was not considered to be robust as it was vulnerable to errors and inconsistencies, and was conducted within a limited technological support framework.
Typically, pricing applications were prepared by the EMEA affiliate countries using Excel spreadsheet documents that were then sent by email for processing and approval. Within Astellas Pharma EMEA, changes to product prices by each affiliate required review by the Commercial Operations team followed by approval from the Pricing Director and a Senior Vice-President. The Excel-based database was updated manually once a month to incorporate recent pricing approvals retrospectively and a number of dashboards were updated on an ad hoc basis. Furthermore, no ERP modelling tool was used at that time; the pricing and reimbursement rules for each country, knowledge of which is necessary for the price reference calculations, were collected from affiliates annually and updated using Excel.
A number of problems were identified with the use of this manual pricing information management system. An inherent time lag was produced by the requirement for forms to be printed, signed, scanned and emailed to the next approver. Additionally, updates were slow to appear on Excel reports, since they needed to be developed manually, resulting in the potential for the prices and rules to be outdated or invalid by the time the information was disseminated to all stakeholders. Furthermore, the process of manually entering the approved data into the Excel-based system introduced a high potential for human error, which could result in decisions being made using erroneous data. In addition, the process was labour intensive; retyping data required time, resources, and strict attention to detail. The project team estimated that over one year, several weeks of middle and senior managers' time were used in the preparation and processing of all the requested information. The net effect of these factors translated into significant direct and indirect negative effects on revenue and costs for the company. The changing internal and external business environment presented a unique opportunity to drive for investment to improve global pricing capabilities. It was also apparent that the development of an electronic system capable of managing pricing information quickly and accurately would be crucial to the implementation of effective pricing management strategies and controls.
Addressing the problem
A project team was formed within Astellas Pharma EMEA, led by the author and comprising key stakeholders. This project team defined and implemented an innovative web-based electronic (e)-pricing and reimbursement information management system (the Astellas' e-Pricing System) to better manage the process for approving price changes and to address the shortcomings of the previous Excel-based system. The overall aims of the e-Pricing system were to reduce the time and effort required to approve price change requests and to minimize the risk of using incorrect or unapproved prices. Simultaneously, it was envisaged that the e-pricing system would increase the visibility of pricing data to affiliates and improve compliance with the pricing approval process. The project team planned to develop a secure web-based system (intranet) for submitting, reviewing and approving pricing requests, initially for use by 21 affiliates in more than 70 countries in EMEA. The system would include all products sold by Astellas Pharma EMEA.
Developing the solution
The e-pricing project team established clear roles and responsibilities and worked together throughout the project to establish the rationale and business requirements, and to design and then implement the system. A sequential development approach (a modified waterfall model as described by William Royce in 1970) was used [13] . Development occurred steadily through several sequential phases with an emphasis on planning, time schedules, target dates, budgets and implementation of the entire system [14, 15] . Tight control was maintained over the life of the project through written documentation, formal reviews, and approval/signoff by the user and information technology management occurring at the end of most phases before beginning the next phase. An iterative approach was employed, in accordance with the waterfall model; a prototype was created and tested, and any new information gained was incorporated prior to delivery of the live system.
The first phase of the project was to establish the business case and achieve leadership buy-in. Once this had been achieved, a comprehensive stakeholder requirements analysis was conducted involving a thorough assessment of the original price processes and internal interviews with key personnel (senior managers from the company's Sales, Marketing and Commercial teams). System design began with a definition of technical requirements (incorporating a requirement matrix -mapping user requirements to functions) and the preparation and approval of a functional specification to include all required elements (Table 1) .
System building and testing
The three processes the system planned to support are shown in Figure 1 (pre-existing product, new presentation of pre-existing product and new product). System building and testing occurred in parallel. This approach enabled the concurrent development of governance, support and communications plans. A software maintenance protocol was also prepared during the software development phase.
The chosen browser platform was Microsoft Internet Explorer 8.0. Ten access levels were planned within the system: Viewer, HQ Viewer, Applicant, General Manager, Area General Manager, Technical Approver, Director of Pricing, Finance Director, Head of Marketing and Senior Vice-President. Secure access was to be controlled using Windows Authentication to compare each user's Windows login with details for valid users of the system, and then allow registered users to navigate to any of the permissible pages in the system.
Piloting
To ensure the final system was going to meet requirements and be well-adopted, a test system was used to pilot the (e)-pricing system with three affiliates (four users) in February 2013. This pilot e-pricing system provided an early sighting of the 'look and feel' of the software and provided valuable feedback from affiliates that the project team used to enhance the appearance and content prior to going live. This feedback resulted in several iterations of the e-pricing system and helped produce a final version of the system that is effective and intuitive.
Training and roll-out
The online e-pricing system was planned to be first introduced to Astellas Pharma EMEA and its affiliates. Care was taken to involve affiliate representatives early and explain the impact the new solution would have on their activities. Support procedures for the e-pricing system were developed, including training materials and an operations manual. A 'Super User' was assigned to each affiliate, who was trained by a Senior Manager from Astellas Pharma EMEA, and who was then responsible for training any additional users in their affiliate, handling technical problems or referring them to an IT helpdesk, as appropriate.
Outcomes
The adoption of an integrated team approach and a collaborative working contributed to the delivery of a user-friendly, robust, and scalable e-pricing system to support the need for a new price management approach. Collaborative working was particularly beneficial during the final testing of the software. All team members supported testing, training and problem resolution, thus enabling the Astellas e-pricing system to go live earlier than planned.
The e-pricing system was successfully rolled-out to all Astellas Pharma EMEA affiliates concurrently in March 2013; it was upgraded with the pricing and reimbursement rules collection component in February 2014. The system currently has about 227 active users globally and comprises more than 1000 presentations of 150 products with various doses and formulations.
The overall benefits of switching from a manual system to e-pricing were immediate and highly visible in terms of efficiency, transparency, reliability and compliance.
Efficiency
Efficiency benefits are highlighted in Table 2 . There has been a marked reduction in the time required for approval of pricing requests from approximately 40 days with the Excel-based system to 6.5 days with the e-pricing system. Pricing information, which previously required a formal Figure 1 . Planned spread of process to be incorporated within the Astellas e-pricing system. The new e-pricing system aimed to support pre-existing product, new presentation of pre-existing product and new product pricing processes within Astellas Pharma EMEA 21 affiliates (70 countries).
request and several days to process, is now updated live online and is available to users instantly. The estimated time needed to create monthly updates has also decreased from 1-2 days to 1-2 minutes (for simple reports) and complicated analyses that would previously have been outsourced can be performed internally.
Furthermore, the number of pricing applications has increased from 124 in 2012, with the original Excelbased system, to more than 300 applications every year since 2013 (335 applications were fully processed in 2014 and 307 in 2015; Figure 2 ).
Transparency
The e-pricing system has improved price visibility and the available information is transparent, for the first time, to all stakeholders across the company. The built-in reporting functionality provides live access to pricing levels and pricing comparisons for all products and affiliates/countries (see Figure 3 for an example).
Applicants and Approvers have an overview of all applications in the system, and can see at a glance the approval status and an estimation of when the prices are to become effective if approved.
Transparency and access to all users of price information make it easy to exchange information and make decisions promoting optimal pricing, thus ensuring that products reach patients at a cost that is fair, and which retains the necessary stimulus for continued investment in innovative therapies.
Reliability and compliance
The new system delivers a reliable solution for the end user that saves time and is user friendly. The system has received positive feedback from users and, because of its ease of use, constantly updated content and robust validation function to prevent the use of erroneous pricing information, the system has a very high degree of compliance within the organization.
Ongoing roll-out and development
Robust governance and customized models used in price forecasting were established during the evolution of the e-pricing system, and they are now an indispensable component of Astellas Pharma EMEA's global pricing management. Based on the success of e-pricing in the EMEA affiliates, a global pricing system, which includes the Americas and the Asia-Pacific regions, was rolled-out in October 2014. The global system is being evolved based on functionality already available within the e-pricing system currently used within the EMEA region.
Summary and conclusion
In a rapidly changing regulatory environment, where countries increasingly look to each other for direction on pharmaceutical pricing and reimbursement, the effects of reference pricing influence pharmaceutical industry sustainability [16] . Price optimization is a highly complex procedure, particularly for global corporations, and rapid and accurate pricing decisions are linked with optimal revenue flows. Global corporations use computer-based pricing systems to support pricing decisions across a range of industries [17] . The complexity of the pharmaceutical market makes the use of such systems crucial to inform launch and pricing decisions and to help manage prices throughout the product lifecycle.
Although a number of business applications are available from third-party suppliers that achieve similar data management and reporting solutions, Astellas Figure 2 . Number of pricing applications before and after the introduction of the e-pricing system. In 2012, the final year of the Excel-based system, there were 124 pricing applications. Since the introduction of the e-pricing system more than 300 applications have been processed every year. *Up to September 3, 2015.
Pharma EMEA considered that development of a tailored system was more appropriate to their in-house processes. The Astellas e-pricing system has improved the efficiency, reliability, compliance, transparency and ease of access to drug pricing, approval and reimbursement information within Astellas Pharma EMEA. In addition, it has significantly enhanced reporting capabilities and the ability to analyse data easily. As a result, affiliates no longer make decisions without taking into consideration the wider impact on the performance of the business. The most important limitations of the system are related to the quality of the information contained within it; key variables may include the efficiency of implementing pricing and reimbursement data changes into the system, and the proficiency of quality control measures.
In conclusion, the ability to model the financial impact of a specific price level accurately is crucial for a product's viability. The ability to do this relies on the reliability of the available price-related data. Electronic pricing information management systems are essential for any multinational pharmaceutical company. The development of a bespoke e-pricing system enabled Astellas Pharma EMEA to take full ownership of pricing considerations and to improve the decision-making process.
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